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Switoihable colour filter based on ^otro-wetdng 



Technical fleld 

In many eleotroiiic consumer devices oolour iSttecs ate used. For instance* in 
(digital) photo and (security) cameras, a cyan colour filter is used to switch between day and 
night sensiti'^^ty. Another tm. where (jawitohabte) colour filters are used is the one of 
projection systems, where the different colour images are overlaid by time sequential 
projection. 



10 



Teebnical prohlem. 

Currently, mechanical options are used in most cases. Drawbacks of sudx 
options are that these ayatsms are generally buDsy and have a limited lifetime. 
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Tediiiical measure and effect. _ 

We propose to use electro-wettmg as a metJiod to realise a non-mechanical 

-imxeableoolour-fflter^The-bapic^ystem^ 

-r tr tr 

eoloured oil 
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circular transparent opening, ifiniatmediate states, in which the 
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sisse of the transpareoat hole is vadod, are desiie<}, several concentric ring electrodes can be 
ijsed. The oil can also be collected in a comer, by having a homogeneons electrode with a 
sioall square cut in one of ihe comers. _ . 

A circular motion can also be achieved by initiating the motion ftom the centre 
5 of ihe device. A possibility is a small reduction of ihe hei^t of the oil layer in the centre of 
the device^ fbr instence by a small increase in the heigfht of the bottom of the device. Ano&er 
possibility is a small modification of the sorfaoe at the centre by making it locally more 
hydrophiUc. This may be achieved by a fhin protrusion from the bottom* pos^bly extending 
tiirou^ the oil layer, the protrusion having a hydrophilic sur&ce. There are several other 
10 options to steer Hie oil into the desired direction. One can use an insulator layer or contact 
layer wiHi a varying thickness. For example, if a radially varying insulator fbidmess is used 
vidth the smallest thickness in the ceotie» the oil motion wiU be hiitiated in Ihe centre. i.e. at 
fbs highest field, and move outivard. Oth^ fbiclmess variations are ti^so possible. One can 
also vary the inter^ial t«asion along the walls of the filter, and therdiy create a prefteence 
15 for the oil motion. 

Using different dyes or pigments in ^ oil can. alter the colour of the filter. 
The colour is not limited to the visible wavelength spectrum, but could also be active in, for 
instance, the UV. If the oil is substantially opaque, for instance by the addition of a black dye 
orpigmecil^ the filter operates as a diaphragm. It is possible to add light-scattering particles to 
20 the oil, making the filter diffusely reflecting. 

In small systems (< 5njm diameter) flie surface tension is sufSoiently strong to 
ensure stability of the device upon rotation. Larger systems can be obtained by carefiilly 
matching the density of the oil and the water. 
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Swltduble dtophragm based tm etoottowstting 

TedmlcalfieU . . , . 

" foiimydecliorie«msurn«d6Vloos.diaitee^ 

lhefflod»haonoflto«.ian«p^dlam«6rombeen*toyeda,wdld»^ 

and fee y^te properties to optical recording. . ^ 

Change lie depth of field- 

nij:en.a.ege.e.anybul1^andl.vealin.tedll^^^ 
often only liave a limited number of well-defined states. 

Technical measure and effect 
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We piopose to use an eledzo-wettiiig Mteic as a diapbragm to realize a n<m- 
mectmnical continuously tunable diaphragm. 

Emibodiments 

In the £a:st omibodiment use Hie switohable diaphiagm to vary the 
numerical aperture of the beam from NA=0.45 In the CD case to NA'=0.65 in the DVD case, 
In jfigure 2 a light pafh is shown where the switching diaphragm is positioned m front of the 
objective lens OL. Preferably the device is integrated directly on top of the objective lens. 
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Figure 2 -The CD/DVD light path contaiiiing a polatisbg beamsplitter (PBS), 
a collimator lens (CL) an objective lens (OL), a servo lens (SL) and a switchable diaphragm 
according to the invention. 

In an even more prefbixed embodiment the switohable di^biagm can also be 
used to switoh the numerical ^erture of the DVD beam ftom NA=0.65 for the writing mode 
to NA=0.6 for the riding mode. The coiresponding improvam«nt of the system is outlined in 
the ''teoihnical field'' section given above. 

Note that it is also possible to switch the entrance ptqnl from a cux>ular 
entrance tibsge to an elliptioal entrance shape. As a result the spot on ibe disc becomes 
elliptical as well (the orientation of the long axis of the ^ot and that of the entrance pupil are 
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orfliogDiid). Wimpioper ortetxtatioii of this elliptioal ^ot on the hiformation layer the 
x«adA«ite p«)perties can be fiirfher i«3proved (ROS/TOSyDOS spot orienlafioa). 
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Double nonxmechaaical colour filter based on electro-iWettiiig 
Tedudcal field. 



In many electronic consumer devices colour fOters axe used. For u^tancot in 
5 (dij^taO photo and (security) cameras, a cyan coloxir filter is used to switch between day and 
night srasitivity. Another field "Where (switchable) colour filters are used is the one of 
pinrjection systeoss, where the different colour images are ovedaid by time sequential 
inojeetion. 



10 Teehtticol problraa 

When multiple colour filters axe needed^ the known, mostly mechanical, 
colour filters are simp^ stacked. As a r^uLt, the filter stack: takes up a significant amount of 
apace. 



15 Technical measure and effect 

We propose to oieate a single cell colour filter that is able to switch two 
colours* by using a so-called bi-layer eleotto-wetting cell. The basic piinciple of such a cell is 
illustrated in fig. 3 
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bottom 

Figure 3 - Principle of bi><layer electro-wetting colour fiUer. The top and 
20 bottom oil layer can be switched independently. 



In a bi-layer cell, the oil layer on top and the oil layer at the bottom are 
separated physically by u^ing walls that are hydrophilio. In such a configuration, the oil 
layers can be switched independently by applying a voltage to die top and/or bottom 
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dectiode by ahydroplwbio layer offer example AF1600. . , ^ 

5 tnnsparaitte most offbe active ares. _i«™,«„«f 
AnadvantageomefitetetetelattvdysMUhagMaadfheumfi^ 

te«„»urion.ftoffl«rov«tbeoros«-scotio»oftto»dMonbe^ ,.^.,,^edl 
10 ltl.abotJIyer.Bm«»»ore.w=u.^a»ele.UodcsB^ 
afiirenlooloos at different plaoesmtto device. 




top layer 
cyan 



lower layer 
magenta 

Hg„re4-P»««toad«n«««raSo=»fltofcasM 

'^"^ Ofl«rc«m»»«ia»*»tbeli»ed.c»ode. arepo.sn.lc asweU.Acir«^^^^ 
.yr»ne«oeleoe«.de^p.^4eon.otbcaidc»sal«ns<*a« 

'^'^^rara.aobecoUecudinacor^ofas^.aredevic.byba.ir.M 



glMtcode with a small square out in one of the oometa. 
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A circular motion can also be achieved by ixiitiating the motjLon firom fSas cenUe 
of the device, ii>r instance by slightly modifying the sni&ce ai: the centre (niaking it locally 
more hydxophilio). Th^e are several other options to steer the oil into the desired direction. 
One can use an insulator layer with a varying thickness. For example if a radially varying 
5 insulator thiclcness is used with Hob smallest ^okness in the centre, the oil motion "will be 
initiated in the centre (at the highest iield) and move outward. Other thickneiss variations are 
also pos^Ie. One oan ako vary the inter&dal tension along lObie walls oftbs Slisx, and 
thereby create a preference for ^e oil motion. 

Using diffex^ additive such as dyes or pigments in the oil one can alter the 
10 transmittance of the filter. When the transmiltadce has a non-nniform spectral distribution, 
the filter may be used as a colour SUt&e. The transmittance change is not limited to the visible 
wavel^gth spectrum, but could also be active in, for instance, the XJV, 
In small systems (< Smtn) the sur&ce tension is saffioiently strong to ensure stability of the 
device upon zotation. Lasger systems can be made stable by matching the densily of the oil 
15 and the water. 
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CLAIMS: 



1 AwitohAlecpttealfflta«»J^.rising»£Md<W.ertovingmap^ 
direcijott along the optical aids. 



10 2. 

liydxopbobic. 



optical filter aooordius to Claim U wUer^ ^ ^ <=^^ 



3 -me optical filter according to Qaim 1, wherein tiie second electrode is 

te„sparent and arranged in a plane perpendicnlar to the optical axis . 



15 

4. 

second fluid is an oil 



M «ldiShreebfrngiiigtotrBfflm»Mtyof&ew^ 
and seceiajl fteid BTo si*«anti»Uy equal, 
ainotaiaed fifM intte cetfflB of flw ehaniber. 

(xiniart layer i3 non-nnifcHR* 
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9. The optical filter acoordmg to Claim I, wherein the ibickness of tiie second 
fluid on the opticai axis at zexo sqspUed voltage is smaller than the thickness around flie 
optical axis. 

5 

10. The op^c3l filter according to Claim 1, -wherein the fluid chamber includes a 
tbdrd fbiid axially displaced -with respect to the first and second fluid, iSaxt first and ifaixd finid 
being non-miscible, in contact along a second menisons and having dif£aeat.transmissivities, 
the fluid chamber also includuig a third electrode separated from the third fluid by a second 

10 contact layer, wherehi the position of tlie third Md is toovable in a direction pe^ 
the optical axis by application of a voltage over the ^t and third electrodes, thereby 
changing the transmissivity of Ihe fluid chamber in a direction along the optical axis. 

X 1 , The optical filter according to Claim 10, tvherein the second contact layer is 

15 hydrophobic. 

12, The optical filter according to Claim 1 0, wheiehi the tWrd eleotrode is 

transparent and arranged in a plane perpendicular to the optical axis. 

20 13- The optical filter according to Claim 10, wherein tiie third fluid is an:- oU. 

14. The optical filter according to Claim 13, wherein the second and third fluid 

have diffenent spectral distributions of the transmissivily. 

25 15. The optical filter accordmg to Claim 10, wherein the specific mass of the first 

and thkd fluid are substantially equal. 



16. An optical scanning device for scaraiing an optical record carrier, the device 

comprising a radiation source for generating a radiation beam, an objective system for 
30 transforming tiie radiation beam to a converging radiation beam focussed on the optical 
record carrier, and an adjustable diaphragm for controlling the numerical aperture of the 
converging radiation beam, characterised in tliat the diaphragm comprises an electrically 
controllable electro-wetting cell. 
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17. The optical scammig device according to Claim 16, in which the electro-^ 

wetting cell coinprises the features of Claim 1. 



